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well‐defended	 host,	 Pedicularis, had traditionally been under natural selection to 
avoid	the	ephemeral,	 less‐defended	Collinsia.	The	lifespan	of	Collinsia was so short 
that	 it	 senesced	before	 larvae	 entered	diapause.	After	 logging	 killed	Pedicularis in 
clear‐cut	patches	and	controlled	burning	simultaneously	extended	Collinsia	lifespan,	
insect	fitness	on	Collinsia in clearings suddenly became higher than on Pedicularis in 
adjacent	 unlogged	 patches.	 Collinsia was	 rapidly	 colonized	 and	 preference	 for	 it	
evolved,	but	insects	feeding	on	it	retained	adaptations	to	Pedicularis	in	alighting	bias,	





via	 experimental	 manipulation	 of	 oviposition	 by	 local	 Pedicularis‐adapted	 and	 im‐
ported	Collinsia‐adapted	butterflies,	that	the	highest	survival	at	that	time	would	have	
been	from	eggs	laid	in	clearings	by	butterflies	adapted	to	Collinsia.	Second	highest	
were locals on Pedicularis.	In	third	place	would	have	been	locals	on	Collinsia in clear‐
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1  | INTRODUC TION



















it	would	be	 in	 a	different	habitat	where	 the	 same	 traits	did	maxi‐
mize	 fitness.	 A	 group	 of	 such	 individuals	 could	 form	 a	 population	












their	 fitness,	or	 their	 traits	 that	are	 (sometimes	wrongly)	assumed	
to	be	 surrogates	 for	 fitness.	Here,	partly	 in	 review	of	our	group's	
prior	work	and	partly	from	new	data,	we	use	a	diversity	of	metrics,	
including	 population	 growth	 rates,	 individual	 survival,	 and	 known	
host‐adaptive	 traits,	 to	 address	 adaptation/maladaptation	 of	 a	
metapopulation	of	Edith's	checkerspot	butterfly	(Euphydryas editha)	
to	 its	novel	and	traditional	hosts	during	a	bout	of	rapid	anthropo‐
genic	 diet	 evolution	 that	 began	 around	 1967	 at	 Rabbit	 Meadow,	
Tulare	 Co.,	 California.	 In	 describing	 this	 long‐term	 evolutionary	





was	 driven	 by	 higher	 fitness	 on	 the	 novel	 than	 on	 the	 traditional	
host,	though	the	reasons	for	this	fitness	effect	were	not	the	same	at	
the two study sites.





tional	 hosts	 at	 the	 Rabbit	Meadow	metapopulation	 during	 a	 time	
period	when	both	hosts	were	used.	Summarizing	 largely	published	






dress	 this	 question,	 we	 use	 a	 previously	 unpublished	 experiment	
that	demonstrates	 reversal	of	 the	 fitness	 relationship	between	 in‐
sects	 using	 traditional	 and	 novel	 hosts.	 The	 experiment	 not	 only	
documents	restoration	of	higher	fitness	on	the	traditional	host,	but	
shows	the	role	of	maladaptation	to	the	novel	host	in	driving	its	final	
abandonment.	 In	 adopting	 a	narrative	 style,	we	 strive	 to	 render	 a	
complex	story	digestible.
2  | STUDY SPECIES:  EDITH' S 
CHECKERSPOT AND ITS HOSTS
2.1 | Distribution, life history, and life‐history trade‐
offs







































2.2 | Baseline for changes: Adaptive host use in 
traditional, stable environments
Euphydryas editha	 frequently	chooses	to	oviposit	on	different	host	
species	 at	 different	 sites	 despite	 the	 presence	 of	 almost	 identical	
plant	communities.	Reciprocal	 transplant	experiments	have	shown	
that	 this	 geographical	 variation	 of	 host	 use	 was	 mechanistically	
driven	both	by	heritable	variation	of	oviposition	preference	among	
insect	populations	and	by	heritable	variation	of	acceptability	among	
plant	 populations	 (Singer	 &	 McBride,	 2012;	 Singer	 &	 Parmesan,	
1993).	Variation	of	host	use	within	sites	was	driven	by	interactions	
between	 strength	 of	 preference	 and	 encounter	 rates	 with	 differ‐
ent	 potential	 hosts,	 in	 addition	 to	 heritable	 variation	 of	 oviposi‐
tion	preference	 (Singer,	1983,	Singer,	Ng,	&	Thomas,	1988;	Singer,	
Vasco,	Parmesan,	 Thomas,	&	Ng,	 1992;	 see	Section	10	 for	 defini‐
tions	of	host	use,	insect	preference,	strength	of	preference,	and	host	
acceptability).
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Despite	 extensive	 ecotypic	 variation,	 and	 despite	 hybrids	 be‐
tween	 populations	 adapted	 to	 different	 hosts	 suffering	 reduced	
fitness	 on	 both	 parental	 hosts	 (McBride	 &	 Singer,	 2010),	 genetic	
analysis	of	40	E. editha	populations	showed	no	trend	for	isolation	by	
host.	 Isolation	by	distance	was,	 in	contrast,	 strong	and	consistent.	
These	populations	did	not	comprise	a	set	of	host‐associated	cryptic	
species	(Mikheyev	et	al.,	2013).
2.3 | Host choice behavior and host‐adaptive traits





























males	 are	 nongeotactic	 and	 usually	 oviposit	 close	 to	 the	 point	 of	










ern	 slopes	 of	 the	 Sierra	 Nevada	 in	 California	 at	 2,000–2,800	m	
elevation.	 In	some	of	these	metapopulations,	the	butterflies	ovi‐
posit	on	ephemeral	annual	Collinsias, while in others they choose 
persistent	 perennials	 in	 the	 genera	 Pedicularis and/or Castilleja. 
The	 two	sets	of	metapopulations	are	distributed	 in	a	geographi‐
cal	 mosaic,	 with	 insects	 in	 each	 set	 adapted	 to	 the	 host(s)	 that	
they	use	in	a	suite	of	behavioral	and	developmental	traits	(Singer	
&	McBride,	2010).
Collinsia was the most abundant host at all sites and was no less 
abundant	 at	 sites	where	 the	butterflies	 failed	 to	 choose	 it,	 so	 the	




used	 for	 oviposition	 by	 the	 butterflies	 at	 sites	where	 it	was	most	
long‐lived.	At	 sites	where	Collinsia	 lifespan	was	shortest,	Collinsias 
were	 blooming	 and	 available	 for	 oviposition	 when	 the	 butterflies	
were	flying.	However,	very	few	individual	plants	lived	long	enough	to	
nourish	young	larvae	to	diapause,	causing	natural	selection	against	
oviposition	on	 them	 (Singer	&	McBride,	 2012).	At	 these	 sites,	 the	
butterflies	preferred	to	oviposit	on	Pedicularis and had evolved the 
appropriate	suite	of	adaptations	to	use	it	(Singer	&	McBride,	2010).	
This	was	the	situation	at	the	Rabbit	Meadow	metapopulation	prior	
to	the	anthropogenic	host	shift	to	Collinsia that we will describe.
2.5 | Pedicularis as a “demanding” host
In	our	discussion	of	a	host	shift	from	Pedicularis to Collinsia	and	back	
again,	 we	 will	 assume	 that,	 where	 both	 hosts	 are	 phenologically	
available,	Pedicularis	is	the	better‐defended	of	the	two.	This	section	
summarizes	 the	 evidence	 for	 that	 assumption,	 which	 comes	 from	






populations	adapted	to	Pedicularis survived well on Collinsia,	while	
larvae	from	populations	adapted	to	Collinsia suffered	extremely	high	
mortality on Pedicularis (Singer	&	McBride,	2010).
Further,	 experimentally	 fed	 larvae	 from	 two	 distantly	 related	
Pedicularis‐adapted	metapopulations	grew	faster	and	weighed	more	




McBride,	 2010).	 So,	 in	 sum,	 in	 manipulative	 trials	 where	 individ‐
ual Collinsia	 plants	were	 chosen	by	 experimenters	 to	be	blooming	
rather	than	senescent,	the	fastest	growth	was	of	Collinsia‐adapted	
larvae on Collinsia,	 second	 fastest	were	Pedicularis‐adapted	 larvae	
on Collinsia, and third were Pedicularis‐adapted	larvae	on	Pedicularis.
These results strongly suggest that Pedicularis	 forms	 a	 more	
demanding nutritional environment than Collinsia. In	presumed	re‐
sponse	to	this	asymmetry,	most	butterflies	from	Pedicularis‐adapted	
     |  5SINGER aNd PaRMESaN
populations	will	 oviposit	 on	Collinsia,	 especially	 if	 they	 fail	 to	 find	
Pedicularis	 quickly,	 while	 most	 butterflies	 from	 Collinsia‐adapted	
populations	 reject	 Pedicularis,	 even	 after	 failing	 to	 find	 their	 own	
host	for	more	than	a	day	(Singer	&	McBride,	2010).
3  | R ABBIT ME ADOW HOST SHIF T
3.1 | Initial phase: survival and population growth 
higher on novel than on traditional host
In	 the	 ancestral	 condition	 at	Rabbit	Meadow,	oviposition	was	prin‐
cipally	 on	 Pedicularis semibarbata	 with	 minor	 use	 of	 a	 rarer	 host,	
Castilleja disticha	 (Singer,	 1983;	 Singer	&	Thomas,	 1996).	When	our	
work	started	in	1979,	we	discovered	that	the	U.S.	Forest	Service	had	






gymnosperms)	and	the	lifespan	of	Collinsia torreyi had been extended 
by	the	fertilizing	effect	of	postlogging	fires	(Figure	2).	As	a	result,	the	
time	constraint	for	development	on	Collinsia had been released and 
natural	 selection	 suddenly	 favored	 oviposition	 on	Collinsia in clear‐
ings,	while	continuing	to	strongly	oppose	this	host	choice	in	adjacent	















&	 Boughton,	 1996).	Mark–release–recapture	 experiments	 showed	
that	clearing	populations	acted	as	sources	while	populations	in	un‐




was	not	due	 to	 release	 from	parasitoid	attack,	 since	 there	was	no	
such	release	(Moore,	1989).
3.2 | Middle and terminal phases: alternative stable 
states and abandonment of novel host
During	the	1990s,	the	system	oscillated	between	two	stable	states,	
one	 of	 which	 was	 the	 source‐pseudosink	 system	 just	 described.	
In	 the	 alternate	 state,	 first	 triggered	when	 an	 unseasonal	 frost	 in	










of	 logged	 clearings	 that	 were	 not	 available	 prior	 to	 1967.
2.	 Terminal	 phase	 of	Collinsia	 use:	 years	 2002–2003,	 immediately	
after	Collinsia had been abandoned.
Below,	 we	 document	 the	 roles	 played	 by	 maladaptation	 to	
Collinsia	in	these	two	time	periods.	We	made	use	of	the	availability	
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of	 insect	 populations	 representing	 both	 the	 starting‐points	 and	
evolutionary	targets	of	the	host	shift.	The	starting	condition	was	
represented	by	a	Pedicularis‐adapted	metapopulation	of	E. editha at 
a	site	unaffected	by	logging,	12	km	to	the	south	of	Rabbit	Meadow	
at	 Colony	 Meadow	 in	 Sequoia	 National	 Park.	 The	 evolutionary	
target	was	represented	by	Collinsia‐feeding	E. editha	at	Tamarack	
Ridge	 60	km	 to	 the	 north	 of	 Rabbit	Meadow,	 a	 metapopulation	
that	showed	the	full	suite	of	adaptations	to	Collinsia and	thus	rep‐
resented	 the	 unfulfilled	 target	 of	 the	 Rabbit	Meadow	 host	 shift	
(Singer	&	McBride,	2010).












retention	of	adaptations	to	Pedicularis by Collinsia‐feeding	E. editha 
in	the	clearings	at	Rabbit	Meadow	during	the	period	when	Collinsia 
acted	as	their	novel	host	in	the	1980s.	The	order	of	traits	in	the	list	
is	 the	order	 in	which	 these	behaviors	 occur	 during	 an	oviposition	
search.
4.1 | Maladaptive traits and their effects on fitness
4.1.1 | First maladaptation: alighting bias—














&	Singer,	2001),	the	alighting	bias	toward	Pedicularis was not learned 
(Parmesan	et	al.,	1995).	When	naïve	mated	females	originating	from	
the	clearing	were	held	captive	until	strongly	motivated	to	oviposit	
and	 then	 experimentally	 released	 in	 the	 adjacent	 unlogged	 patch,	




Because Collinsia	 was	 abundant	 (14%	 of	 vegetation),	 the	 but‐
terflies’	 rate	 of	 encounter	with	 this	 host	was	 high,	 despite	 ineffi‐
ciency	of	search.	Naïve	searching	females	 in	a	clearing	alighted	on	
Collinsia	on	average	once	every	7.7	min,	while	those	in	a	neighboring	
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unlogged	patch	alighted	on	Pedicularis (8%	of	vegetation)	once	every	
2.6	min	(Parmesan	et	al.,	1995).
However,	 the	 combination	 of	 postalighting	 preference	 for	
Pedicularis	 and	difficulty	of	 finding	acceptable	physical	oviposition	
sites on Collinsia	(see	section	4.1.5)	reduced	the	rate	of	actual	ovipo‐
sition on Collinsia below	that	expected	from	the	rate	at	which	it	was	
encountered.	Parmesan	et	al.	(1995)	gathered	naïve	females	emerg‐
ing	 from	Collinsia	 in	 a	 clearing,	waited	 for	 them	 to	 be	 sufficiently	
motivated	that	they	would	attempt	to	oviposit	on	either	host	after	
alighting,	 released	 them,	 and	 observed	 their	 oviposition	 searches.	
89%	of	 those	 released	 in	an	unlogged	patch	 (n	=	27)	 succeeded	 in	
laying eggs on Pedicularis	 after	 searches	averaging	11	min.	 In	con‐
trast,	a	mere	20%	of	those	released	among	Collinsias in the clearing 
(n	=	40)	succeeded	in	ovipositing,	despite	longer	searches	averaging	
29 min.
Parmesan	 et	 al.’s	 (1995)	 observations	 of	 inefficient	 (i.e.,	worse	




Collinsia, C. parviflora, the	butterflies	did	search	efficiently	for	their	
host. Collinsia comprised	12%	of	 the	vegetation	and	 received	71%	
of	 alightings	 (Parmesan,	 1991).	 Thus,	 the	 bias	 toward	 Collinsia at 
Schneider's	Meadow,	where	it	was	the	traditional	host,	was	equiv‐
alent to the bias toward Pedicularis	 at	Rabbit	Meadow,	both	being	
alighted	 on	 by	 local	 females	 about	 six	 times	more	 than	 expected	
at	 random.	 Therefore,	 the	 inefficiency	 of	 Collinsia search by but‐
terflies	in	the	Rabbit	Meadow	clearings,	where	it	was	a	novel	host,	
was	 ascribed	 by	Parmesan	 (1991)	 to	 evolutionary	 lag,	 not	 to	 con‐
straint.	We	consider	it	unlikely	that	gene	flow	from	unlogged	patches	
played	 a	major	 constraining	 role	 because	 clearings	were	 acting	 as	
sources	when	the	search‐behavior	study	was	done	and	postalighting	
oviposition	preference	for	Collinsia was already evolving in clearings 
in	response	to	patch‐specific	natural	selection	(see	below).
4.1.2 | Second maladaptation: reduction of realized 












Collinsia	was	 30%,	 from	171	 eggs	 in	 5	days	 among	 butterflies	 ex‐
posed	only	to	Pedicularis	down	to	120	in	those	offered	only	Collinsia 
(Singer,	2015).
4.1.3 | Third maladaptation: postalighting 
preference for senescent over blooming Collinsia
The	ability	 to	discriminate	among	phenologically	differing	host	 in‐
dividuals	 is	 an	 important	 axis	 of	 evolution	 in	 herbivorous	 insects	
(Janz	&	Nylin,	1997).	Prior	behavioral	preference	tests	with	E. edi‐


























F I G U R E  4  Hosts	and	a	nonhost	at	Rabbit	Meadow,	illustrating	
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from	 the	 behavioral	 trials	 (Figure	 5).	 The	 distribution	 of	 larvae	 at	
Rabbit	Meadow	was	 significantly	 less	 biased	 toward	 young	plants	






4.1.4 | Fourth maladaptation: biased dispersal 
away from the clearing habitats that provided 
higher fitness; failure to colonize small, high‐quality 
patches of novel host
This	section	is	complex,	but	readers	can	accept	the	header	at	face	
value	and	skip	the	details	below	without	loss	of	continuity.	Like	most	





discover	 its	 quality	 in	 terms	of	 nectar	 sources,	 roosting	 sites,	 and	
oviposition	sites.	The	butterflies	at	Rabbit	Meadow	were	presented	











&	 Singer,	 2001),	 with	 the	 result	 that	 the	 reciprocal	 movement	 of	
E. editha	 between	 clearing	 and	 unlogged	 patches	 was	 associated	
with	their	 individual	host	preferences	(Thomas	&	Singer,	1987).	As	





cent	 unlogged	 patches.	 The	 difference	 between	 the	 patch	 types	
in	 postalighting	 preference	 was	 heritable	 and	 generated	more	 by	
biased	dispersal	 than	by	patch‐specific	 natural	 selection	 (Singer	&	
Thomas,	1996).
However,	by	dispersing	out	of	the	clearings	into	unlogged	patches	
and	choosing	 the	habitats	 to	which	 they	were	best‐adapted,	most	
of	 the	 butterflies	 reduced	 their	 own	 fitnesses.	 There	were	 a	 few	










biased to be more Pedicularis‐preferring	 than	 their	 fellows	 that	
remained	 in	 the	 clearings,	 they	 were	 LESS	 Pedicularis‐preferring	
and more Collinsia‐accepting	 than	 the	 mean	 preferences	 in	 the	
unlogged	 patches	 where	 they	 arrived.	 Therefore,	 in	 addition	 to	
increasing	 intraspecific	 competition	 in	 the	 patches	 that	 received	
them	(Boughton,	1999,	2000),	they	drove	evolution	of	postalighting	
oviposition	preference	 in	Pedicularis patches	 in	a	 locally	maladap‐
tive direction.
Evidence	for	these	twin	effects	on	population	dynamics	and	ad‐




showing higher densities and greater Collinsia	acceptance.	The	hy‐
pothesis	that	both	these	relationships	were	caused	by	dispersal	out	











































































patches	 at	 Rabbit	 Meadow	 comes	 from	 side‐by‐side	 preference	
comparisons	 performed	 in	 1994,	 after	 the	 1992	 frost,	 between	
Pedicularis‐feeding	 butterflies	 in	 unlogged	 patches	 of	 the	 Rabbit	


















suitability between Collinsias	 in	small	and	 large	patches.	 Instead,	 it	
was	due	to	absence	from	the	clearings	of	the	host	preferred	by	most	
butterflies.










4.1.5 | Fifth maladaptation: positive geotaxis 















E. editha	eggs.	It	bears	four	naturally	laid	clutches.	Euphydryas eggs 



















ter	 in	 large	 groups	 on	 Pedicularis	 and	 in	 small	 groups	 on	Collinsia 
(McBride	 &	 Singer,	 2010).	 No	 surprise,	 then,	 that	 natural	 mean	
clutch	sizes	 in	 the	 field	 ranged	from	39	to	52	 in	 four	metapopula‐
tions	adapted	to	Pedicularis	and	from	5	to	7	in	three	metapopulations	
F I G U R E  6  Relationships	between	LOG10	patch	size	of	Collinsia 
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adapted	to	Collinsia	(Singer	&	McBride,	2010).	Overall	fecundity	was	
not	different;	butterflies	at	Rabbit	Meadow	laid	eggs	once	per	day,	
but	 where	 clutches	 were	 small	 (e.g.,	 Tamarack	 Ridge),	 oviposition	
was	more	frequent.
An	adaptive	response	to	colonizing	Collinsia would be to reduce 
clutch	size	and	increase	oviposition	frequency.	In	fact,	mean	clutch	
size	 at	 Rabbit	 Meadow	 in	 the	 field	 in	 1982	 was	 50.9	 (n	=	50)	 on	
Collinsia	and	43.5	(n	=	79)	on	Pedicularis.	The	nonsignificant	(t	=	1.35,	
df	=	127,	p	=	0.18)	trend	for	clutches	to	be	larger	on	Collinsia was in 
the	opposite	direction	to	that	expected	from	adaptation	to	Collinsia 
(Singer,	2015).	A	similar	 trend	was	seen	 in	 insects	captured	newly	
eclosed	in	the	clearing	and	offered	only	Collinsia or only Pedicularis 
for	 five	days.	 For	many	of	 those	butterflies,	 their	 first	 oviposition	
was delayed by a day or more on Collinsia	compared	to	Pedicularis, 









5  | E VOLUTION OF PREFERENCE 1980–
1994
Because	 postalighting	 oviposition	 preferences	 of	 E. editha were 
heritable	 (McBride	 &	 Singer,	 2010;	 Singer	 et	 al.,	 1988;	 Singer	 &	
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6  | TERMINAL PHA SE ,  20 02–
20 03:  MANIPUL ATED OVIPOSITION 
E XPERIMENTS SHOW BUT TERFLIES 
TUMBLED DOWN ADAPTIVE PE AK
The	 first	 year	 in	 which	 no	 natural	 oviposition	 was	 recorded	 on	
Collinsia	 across	 the	 entire	 Rabbit	 metapopulation	 was	 2001.	 This	
observation	implied	that	the	evolutionary	reduction	of	Collinsia ac‐
ceptance	recorded	from	1989	to	1994	had	continued.	At	the	time,	
we wondered whether Collinsia	may	 no	 longer	 support	 higher	 fit‐
ness than Pedicularis	for	Rabbit	butterflies,	and	whether,	if	this	were	
















twice,	 in	both	years;	 the	other	 two	pairs	were	each	used	once,	 in	
a	single	year.	Within	each	patch,	we	chose	experimental	plants	by	
pacing	out	random	numbers	in	a	grid	formation.





since	 even	 small	 disturbances	 speed	 Collinsia senescence.	 When	
testing Pedicularis	we	used	 individual	plants,	but	when	 testing	 the	





blooming and senescent Collinsia	 plants	 in	 the	 clearings,	 choosing	





Larvae	 of	 E. editha	 normally	 remain	 together	 as	 family	 groups	






The	 four	 replicates	 of	 the	manipulated	 oviposition	 experiment	
produced	identical	trends	(Figure	8).	The	Figure	shows	proportions	
of	larval	groups	surviving	on	each	host	in	each	patch,	with	error	bars	






imported	Tamarack	Ridge	 (Collinsia‐adapted)	 insects	on	Collinsia, 
second	 highest	 for	 local	 Rabbit	 Meadow	 (Pedicularis‐adapted)	
insects on Pedicularis	 and	 lowest	 for	 local	 (Rabbit)	 insects	 on	
Collinsia.	The	principal	cause	of	failure	of	local	groups	on	Collinsia 
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was	senescence	and	death	of	the	host,	reflecting	maladaptive	host	
choice	by	 the	parents	 (Table	1).	Estimates	with	overlapping	con‐
fidence	 limits	can	differ	 significantly,	but	as	 it	happens	 that	was	
not	 the	case	 for	 these	data.	Therefore,	 significance	can	be	visu‐
alized	 from	 Figure	 8,	 in	which	 all	 comparisons	with	 overlapping	
confidence	limits	are	cases	where	differences	did	not	reach	signif‐
icance at p	<	0.05	 (two‐tailed)	within	that	replicate	of	the	exper‐




than did local Pedicularis‐adapted	larvae	on	Pedicularis.	However,	the	
consistent	trend	for	local	Rabbit	Meadow	groups	to	survive	better	










becomes	 significantly	 higher	 on	 their	 traditional	 host,	 Pedicularis 
than on Collinsia,	as	shown	in	Figure	8	(p	=	0.024	by	Fisher's	exact	
test,	two‐tailed;	Table	1).
Host Groups surviving Groups failing Host dead Host gone
Collinsia 27 57 51 3
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It	would	have	been	very	useful	to	include	in	the	experiment	Rabbit	
Meadow	butterflies	emerging	from	Collinsia,	whose	changes	of	host	






the	 time	of	extinction	of	 the	Collinsia‐feeding	populations	 suggest	
that	preferences	for	Collinsia	phenology	did	not	change	over	this	14‐
year	period.












increased	 fitness	 on	 anthropogenically	 improved	 Collinsia and no 
change on Pedicularis.	On	the	right	 is	the	result	of	the	2002–2003	
experiment	shown	in	Figure	8.	Tamarack	Ridge	butterflies	are	shown	
in	the	two	later	time	periods	but	not	in	1965,	because	we	know	that	
they	can	have	high	 fitness	even	when	suitable	Collinsias	 are	 infre‐
quent	(<1%),	but	we	do	not	know	what	that	frequency	was	in	1965.	
Positions	 and	 sizes	 of	 egg	 clutches	 on	 blooming	 and	 senescent	
Collinsias	show	the	behavior	of	butterflies	from	the	two	origins.
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host,	but	a	 small	proportion	accepted	 it	 readily	 (Singer	&	Thomas,	
1996;	Thomas	et	al.,	1987).	In	both	cases,	there	was	no	requirement	
of	evolution	 for	offspring	 survival	 to	be	higher	on	 the	novel	host;	
this	was	the	case	from	the	first	 time	that	host	was	used	 (Singer	&	
Parmesan,	 2018;	 Singer	&	Thomas,	 1996;	Thomas	et	 al.,	 1987).	 In	
both	cases,	our	observations	began	in	an	early	stage	of	the	host	shift	
when	 the	novel	host	 supported	higher	 fitness	 than	 the	 traditional	
host,	 but	 was	 preferred	 by	 a	 minority	 of	 females.	 In	 both	 cases,	





Collinsia parviflora,	 use	 of	 which	 resulted	 in	 the	 typical	 time	 con‐
straint	 and	 fecundity/mortality	 trade‐off	 with	 consequent	 high	
mortality	 of	 prediapause	 larvae	 (Singer	 &	 Parmesan,	 2018).	 After	
humans	 introduced	 a	 European	 weed,	 Plantago lanceolata, with a 












The	butterflies	would	have	been	able	to	colonize	Plantago as an 
ecological	phenomenon,	with	no	evolutionary	change	in	either	pref‐
erence	or	performance.	Such	nonevolutionary	shifts	 to	novel	hab‐
itats	 or	 resources	 are	 classified	 as	 examples	 of	 “ecological	 fitting”	
(Agosta,	2006;	Araujo	et	al.,	2015;	Nylin	et	al.,	2018).	In	general,	host	
shifts	and	expansions	of	diet	breadth	 in	herbivorous	 insects	occur	






scribed	 the	 shift	 at	 Schneider's	Meadow	as	driven	by	high	 fitness	
on	 a	 novel	 host	 to	which	 the	 butterflies	 were	 “not	 adapted.”	We	
hesitate	to	 invoke	“maladaptation”	from	the	slower	developmental	
rate on Plantago than on Collinsia,	for	we	would	wish	to	know	that	
faster	development	on	Plantago	could	have	been	achieved,	and	such	









In	 2008,	 a	 change	 of	 human	 land	management	 rendered	Plantago 
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suddenly	 inaccessible,	while	 leaving	available	 the	Collinsia that the 
insects	 had	 abandoned.	 The	 butterfly	 population	 suffered	 extinc‐
tion,	and	then,	after	several	years,	the	site	was	recolonized	by	but‐
terflies	 monophagous	 on	 Collinsia, returning diet evolution to its 
starting	point	(Singer	&	Parmesan,	2018).
8  | ADAPTATION MA SQUER ADING A S 
MAL ADAPTATION, AND VICE VERSA












from	 phenological	 asynchrony	 with	 ephemeral	 hosts	 resembles	 a	
























populations	 with	 diverse	 diets	 suggests	 that,	 in	 the	 medium	 term,	
adaptation	 to	different	host	genera	within	 the	 species’	 current	host	





tive	 trait	 that	 clearly	evolved	at	Rabbit	Meadow	was	postalighting	
preference	 (Singer	 &	 Thomas,	 1996).	 We	 did	 not	 apply	 repeated	
quantitative	 assessments	 to	 other	 traits,	 but,	 over	 the	 duration	 of	
our	study,	we	observed	that	the	butterflies	continued	to	find	Collinsia 




As	 succession	 proceeded	 and	Collinsia	 declined	 in	 quality,	 the	
preference	of	the	butterflies	for	senescent	plants	assumed	greater	
importance,	until	 the	 fitness	advantage	on	 the	novel	host	was	 re‐
versed.	Lack	of	adaptation	to	Collinsia	 in	this	specific	 trait	allowed	








to	 lack	of	adaptation	 to	 the	novel	host	Plantago,	but	 to	 the	occur‐
rence	 of	 an	 unprecedented	 type	 of	 anthropogenic	 environmental	








Despite	 their	 different	 trajectories,	 the	 Rabbit	 Meadow	 and	
Schneider's	Meadow	 histories	 both	 illustrate	 how	 host	 shifts	 can	







These	 effects,	 cryptic	without	 the	 level	 of	 detailed	 study	 pre‐
sented	 here,	 are	 surely	 under‐appreciated	 forces	 in	 evolution	 and	
ecology.	 Yet	 understanding	 them	 is	 pertinent	 to	 asking	 whether	
conservation	 practices	 should	 strive	 to	 maximize	 adaptation	 or	
evolvability	(Derry	et	al.,	2019).	Our	studies	of	E. editha suggest that 
evolvability	is	more	important	to	persistence	of	populations	than	are	
specific	 adaptations	 to	 particular	 resources,	which	 can	 be	 ephem‐
eral.	For	our	system,	it	is	clear	that	possession	of	adaptation	to	novel	











In	 this	 paper,	 the	 proportion	 of	 eggs	 laid	 on	 each	 host	 species	
by	 an	 insect	 population.	 The	definition	 could	 equally	 be	 applied	
to	 distributions	 of	 larvae	 across	 hosts,	 but	we	 here	 ignore	 that;	
Lepidopteran	 larvae	 often	 show	 lower	 host	 specialization	 than	





encountered.	Defined	in	this	way,	 it	 is	a	property	of	the	 insect	that	
can	vary	among	 individuals	 (Singer,	2000)	 and	can	be	heritable.	As	
described	in	this	paper	E.	editha	first	encounters	hosts	visually,	then	








The	 set	 of	 likelihoods	 that	 a	 plant	 will	 be	 accepted	 by	 particular	

















Paul	 Ehrlich	 introduced	MCS	 to	Euphydryas	 in	 1967;	 Larry	Gilbert	
and	Ray	White	 helped	 initiate	 the	 study	 of	 geographical	 variation	
of	 Euphydryas	 diet	 in	 1968–1971;	 research	 conducted	 by	 Davy	
Boughton,	 Duncan	 Mackay,	 Lindy	 McBride,	 Rick	 Moore,	 Sandra	
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